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Water is one of the most important factors in plant life. To obtain high yields, it is necessary for plants to benefit 
from the presence of water throughout the vegetation period. At present, climate conditions are increasingly unfit for 
agricultural crops. Global warming, as well as lower rainfall, especially in the summer months, affect agricultural crops. 
As much as possible, we need to ensure the necessary water in the critical periods of each crop. Soil systems, applied at 
the optimum time and respecting the technology of each crop, allow the storage of water in the soil. Of the soil works, 
deep work such as scarification, mudslinging and deep ploughing plays a primary role in the soil water supply. In Lovrin, 
Timis County, Romania, apparent density ranged from 1.26 g/cm3 to 1.48 g/cm3. Soil moisture in the spring is 25.88% in 
the first 50 cm and a soil water reserve of 1,736.90 m3/ha. In the autumn, soil moisture reaches about 20% and a soil water 
reserve of 1,344.47 m3/ha. Typical poorly gleaned chernozem from Beba Veche shows average values of apparent density 
above 1.42% in the first 50 cm with humidity values ranging from 23.15% (10-20 cm) to 24.62% (40-50 cm). In summer, 
the ground water reserve was only 1,222.10 m3/ha. In the case of the typical poorly gleaned chernozem with a low salinity 
below 100 cm from Teremia Mare, in the processed layer, 25-30 cm, apparent density ranges between 1.24 g/cm3 and 
1.28 g/cm3, with humidity values ranging from 25.32% (10-20 cm) and 27.46% (40-50 cm) in the spring. In summer, the 
value of the water reserve is 1,302.05 m3/ha, while in the autumn it was 1,423.33 m3/ha. Apparent density (Ap) values 
for moist phreatic cambic chernozem in Comloşu Mic oscillate between 1.20 g/cm3 (in the spring) and 1.32 g/cm3 (in the 
autumn). Soil humidity is directly correlated with the amount of precipitation during the year. The water reserve in the 
first 50 cm is 1,729.91 m3/ha in the spring and 1,458.02 m3/ha in the autumn. 
 





The quality of soil works, the possibilities of 
reducing their number, the accumulation and the 
penetration of water into the soil, with a direct impact 
on production, have always been priority topics for 











Ploughing is the most important soil work, the 
basic soil work. In our country, in most cases, 
ploughing is done with the mouldboard plough.  
It improves all the qualitative factors of the 
soil. The work influences the physical, chemical and 
biological processes in the soil as a result of changing 
the air regime [15].  
Apparent density is one of the main indicators 
of soil settlement.  
Apparent density values are closely correlated 
with the soil compaction rate, oscillating frequently 
between 1-2 g/cm3, being smaller in humus-rich and 
well-structured soils [1].  
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Apparent density greatly influences the growth 
of roots. In maize, for example, the root mass 
increases with apparent density ranging from 0.9 
g/cm3 to 1.3 g/cm3, and at 1.4 g/cm3, it drops rapidly. 
At an optimal apparent density, it increases the use of 
nitrogen from fertilizers. It was found that, from the 
total amount of fertilizer, nitrogen was used at an 
apparent density of 1.0 g/cm3 in 38% and at an 
apparent density of 1.4 g/cm3 in the proportion of 
44% [6].The influence of aggregates used for soil 
work at optimum humidity on apparent density is 
manifested up to a depth of 30 cm and it does not 
affect soil in depth [18].  
Apparent density depending on working depth 
shows average values of 1.01-1.31 g/cm3 at the 
beginning of the vegetation period and it increases 
gradually to 1.23-1.41 g/cm3 at harvest.Apparent 
density has different values depending on the type of 
soil and on the soil work system. In Cluj-Napoca, in 
the variant ploughing + 2 disking, apparent density 
was 1.22 g/cm3 on argic phaesiom reaching 1.34 
g/cm3 on the molic aluvisoil [19].  
Researches carried out in the experimental 
field at Moara Domnească in the period 1996-2005, 
in the classic version (ploughed) show values of 
apparent density in grain maize crop of 1.13 g/cm3 at 
the depth of 5-10 cm and 1.35 g/cm3 at a depth of 35-
40 cm [13].In 2014, following the soil sampling from 
Giarmata and Sudriaş, apparent density oscillated 
between 1.26 g/cm3 (0-10 cm) and 1.70 g/cm3 (40-50 
cm) at Giarmata and between 1.32 g/cm3 (0-10 cm) 
and 1.84 g/cm3 (40-50 cm) at Sudriaş [16].Studies 
and research carried out over time in Romania on 
different soils highlight the fact that, irrespective of 
the crop, apparent density with the highest values is 
encountered in the case of works with machines that 
produce a lower mobilization: disc harrows, 
cultivators, coulters, ploughs without overturning the 
furrow [2, 12]. 
Soil water is one of the main objectives of 
study because it is of particular importance both in 
soil genesis and in the growth and development of 
plants.The amount of water in the soil at any given 
time is known as “soil humidity”, “momentary 
supply” or “current humidity” [3].Depending on the 
soil moisture, the optimal time to perform the 
ploughing is when the furrow is easy to turn and it 
can be ground with the star harrow.  
The optimum soil moisture for the execution 
of the ploughing is 50-60% of its water field capacity 
(15-20% water per 100 g dry soil) for clay soils; 50-
70% of the field capacity (18-21% water per 100 g 
dry soil) on clay soils and 70-85% of the field 
capacity (10-16% water per 100 g dry soil). 
The variation of moisture in the worked soil 
layer and especially in its upper part is characterized 
by a very high dynamics, important changes can 
occur in only a few days both in one sense and in the 
other. Such changes take place due to meteorological 
changes but can also be favoured by the inadequate 
physical condition of the soil or cultural works 
carried out unreasonably [4].In the soil profile, the 
humidity variation has slower dynamics.  
Drying is mostly caused by water use by plants 
in the absence of rainfall and under conditions where 
crop development is intense, and wetting occurs as a 
result of infiltration and redistribution of 
precipitation or irrigation.The implications of 
moisture deficiency in this part of the soil are related 
to the lack of water needed for crops and, on settled 
soils, to the uncontrolled penetration of the roots due 
to increased penetration resistance.The surplus of 
moisture can also be favoured by the deficiency of 
aeration.Soil water reserve can be determined in 
spring at the beginning of the growing season (1 
April) and is called the initial reserve (Ri) or in 
autumn, at the end of vegetation (1 October), and is 
called the final reserve (Rf).  
Rainfall from spring to autumn, from 1 April 
until 30 September are considered as summer 
surcharges, and rainfall from autumn until spring, the 
following year, from 1 October until 31 March, are 
considered to be winter precipitation [14].In the hilly 
area, on a gleyic aluviosol, a giant (batigleic), 
proxicalcaric, middle clay/medium sand clay, 
developed on medium carbonated fluvial materials, 
from FARDEA, in 2013, the ground water reserve on 
the 0-50 cm was 1,235 m3/ha in summer and 1,275 
m3/ha in autumn [16] .  
 
 
2. Material and Method 
 
Grain maize cultures were studied, with a 170-
175 days growing period and high water-
consumption. The precursor plant was winter wheat. 
The research was carried out in four localities 
(Lovrin, Beba Veche, Teremia Mare and Comloşu 
Mic), considered to be the most representative of the 
plain area of the Timiş County. In 2017, climate 
conditions were less favourable to maize grain. 
Compared to the multi-annual average, there was a 
179-mm gap. The precipitation distribution on the 
four localities was different, which significantly 
affected both soil moisture and ground water 
reserve.Sampling was done on the following soil 
types: 
Typical chernozem, low (batigleic), semi-
carbonate, medium clay/medium clay, developed on 
medium carbonate fluvial materials. 
Typical chernozem, poorly gleaned, weakly 
salinized with low salinity below 100 cm, weakly 
sodicized with low sodiumization of less than 100 
cm, epicalcaric, extremely deep, developed on 
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medium loessoid deposits, medium argyle 
clay/medium clay. 
Typical chernozem (deep gleaned), weakly 
salinized with low salinization below 100 cm, weakly 
sodicized with low sodication below 100 cm, 
medium clay/medium clay, developed on medium 
carbonate fluvial materials.Cambic chernozem, moist 
phreatic, deep salinated with low salinization below 
100 cm, deeply sodified with low sodiumization of 
less than 100 cm, low leachate (endocalcaric), 
medium sandy clay/medium sandy clay, developed 
on medium carbonated fluvial materials.Soil samples 
were collected for both apparent density and soil 
moisture measurement. Following the 
determinations, the soil water reserve could be 
established at a depth of 0-50 cm. The values of the 
three indicators were determined in the laboratory by 
different calculations. The sampling was done for 
April, July and September. 
 
3. Results and Discussions 
 
Under the conditions of the typical chernozem 
of Lovrin, apparent density ranged from 1.26 g/cm3 
to 1.45 g/cm3 in the spring and between 1.28 g/cm3 
and 1.48 g/cm3 in the autumn. Soil humidity is high 
in the spring, with an average of 25.88% in the first 
50 cm and a water reserve of 1,736.90 m3/ha. The 
July rainfall also reflected clearly on the ground 
water reserve of only 1,282.80 m3/ha. In the autumn, 
the water scarcity in the soil improved as a result of 
the rainfall of the first half of September, where soil 
moisture reached about 20% and the ground water 
reserve reached 1,344.47 m3/ha (Table 1).  
 
Table 1. Apparent density (g/cm3), current humidity (%) and soil water reserve (m3/ha) in the typical 





       Spring  (April-sowing) 
 




Da(g/cm3) U% Ra(m3/ha) Da(g/cm3) U% Ra(m3/ha) Da(g/cm3) U% Ra(m3/ha) 
0-10 1.26 26.20 330.12 1.25 18.04 225.50 1.28 18.40 235.52 
10-20 1.28 28.32 362.49 1.28 17.96 229.88 1.30 18.25 237.25 
20-30 1.45 23.64 342.78 1.40 17.32 242.48 1.43 18.34 262.26 
30-40 1.40 24.38 341.32 1.48 19.48 288.30 1.48 19.90 294.52 
40-50 1.34 26.88 360.19 1.44 20.60 296.64 1.46 21.57 314.92 
Mean 1.34 25.88 1736.90 1.37 18.68 1282.80 1.39 19.29 1344.47 
 
The typical Beba Veche chernozem, with a 
high content of physical clay, is over 40% and the 
physical properties are specific to medium-sized 
zonal soils and average apparent densities of over 
1.42% in the first 50 cm. Soil moisture in the spring 
shows higher surface values  (23.15-24.62%), lower 
in depth. The low soil moisture content, ranging from 
14.25% to the soil surface and 18.62% in depth, as 
well as high apparent density values, provides a soil 
water reserve of only 1,222.10 m3/ha. Humidity 
values in the autumn are higher, but the water reserve 
in the soil is low at only 1,322.37 m3/ha (Table 2).  
 
Table 2. Apparent density (g/cm3), current humidity (%) and soil water reserve (m3/ha) in the typical 
chernozem, poorly gleaned, weakly salinized with low salinity below 100 cm, epicalcaric, extremely deep, 




         Spring (April-sowing) 
 
      Summer (July-bowl formation) 
 
   Autumn (September-harvest) 
 
Da(g/cm3) U% Ra(m3/ha) Da(g/cm3) U% Ra(m3/ha) Da(g/cm3) U% Ra(m3/ha) 
0-10 1.38 24.62 339.75 1.50 14.25 213.75 1.46 17.75 259.15 
10-20 1.40 23.15 324.10 1.52 15.02 228.30 1.48 17.22 254.85 
20-30 1.45 22.47 325.81 1.46 17.20 251.12 1.47 18.05 265.33 
30-40 1.44 21.60 311.04 1.43 17.85 255.25 1.44 19.14 275.61 
40-50 1.43 22.05 315.31 1.47 18.62 273.71 1.48 18.07 267.43 
Media 1.42 22.77 1616.01 1.45 16.58 1222.10 1.46 18.04 1322.37 
 
The natural conditions of the divagation 
plain, low alluvial plain, on which the typical 
chernozem, poorly gleaned, is found, with a salinity 
of less than 100 cm, from Teremia Mare, reveal a soil 
with very good physical characteristics, specific of 
the zonal soils with medium textures. In the 
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processed layer, 25-30 cm, apparent density is 
between 1.24 g/cm3 and 1.28 g/cm3. High apparent 
density values are recorded both in summer and 
autumn at 30-50 cm depth, even reaching 1.48 g/cm3. 
Precipitation in March of over 50 mm causes humidity 
values between 25.32% (10-20 cm) and 27.46% (40-50 
cm) in the spring. In the summer, soil moisture is 
19.11%, with a water reserve of only 1,302.05 m3/ha. In 
September, the ground water reserve in the first 50 cm 
reaches 1,423.33 m3/ha (Table 3). 
  
Table 3. Apparent density (g/cm3), current humidity (%) and soil water reserve (m3/ha) in the typical chernozem, 
deeply gleaned, weakly salinized, with low sodication of less than 100 cm, low leakage (endocalcaric) medium 










Da(g/cm3) U% Ra(m3/ha) Da(g/cm3) U% Ra(m3/ha) Da(g/cm3) U% Ra(m3/ha) 
0-10 1.24 25.75 319.30 1.24 18.26 226.42 1.27 19.38 246.12 
10-20 1.26 25.32 319.03 1.26 18.54 233.60 1.28 19.65 251.52 
20-30 1.28 26.03 333.18 1.38 17.38 239.84 1.42 20.05 284.71 
30-40 1.36 26.30 357.68 1.43 20.17 288.43 1.46 21.10 308.06 
40-50 1.38 27.46 358.94 1.48 21.20 313.76 1.45 22.96 332.92 
Media 1.30 26.17 1708.13 1.35 19.11 1302.05 1.37 20.62 1423.33 
 
Cambic chernozem, moist phreatic, deep-
salinized, with low salinization less than 100 cm, low 
leachate, medium sandy clay/medium sandy clay, 
from Comloşu Mic, has characteristics specific to 
cambic chernozem. Apparent density values in the 
processed horizon (Ap) oscillate between 1.20 g/cm3 
(in spring) and 1.32 g/cm3 (in autumn). Soil humidity 
is directly correlated with the amount of precipitation 
during the year, with the specification that, in 
September, it is almost normal. The water reserve in 
the first 50 cm is 1,729.91 m3/ha in the spring and 
1,458.02 m3/ha in the autumn (Table 4). 
 
Table 4. Apparent density (g/cm3), actual moisture (%) and soil water reserve (m3/ha) in the cambic chernozem, 
moist phreatic, salinized in low salinity under 100 cm, low sodication under 100 cm, low leachate 
(endocalcaric), medium sandy clay/medium sandy clay, developed on medium carbonated fluvial materials, 




           Spring (April-sowing) 
 
      Summer (July-bowl formation) 
 
     Autumn (September-harvest) 
 
Da(g/cm3) U% Ra(m3/ha) Da(g/cm3) U% Ra(m3/ha) Da(g/cm3) U% Ra(m3/ha) 
0-10 1.20 25.48 305.76 1.25 18.10 226.25 1.32 20.38 269.10 
10-20 1.25 24.97 312.12 1.28 18.98 242.94 1.30 20.05 260.65 
20-30 1.49 25.39 378.31 1.49 18.36 273.56 1.45 20.40 295.80 
30-40 1.43 25.60 366.08 1.44 19.25 277.20 1.43 21.37 305.59 
40-50 1.40 26.26 367.64 1.42 20.04 284.56 1.42 23.02 326.88 
Media 1.35 25.54 1729.91 1.37 18.45 1304.51 1.38 21.04 1458.02 
 
Although a precipitation deficit was recorded 
in 2017, it affected grain maize to a very small extent 




4. Conclusions   
 
As a result of the researches, the following 
conclusions were drawn: 
1. In 2017, climate conditions were less 
favourable to maize grain. Compared to the 
multiannual average, there was a 179 mm deficit with 
an uneven distribution of precipitations. 
2. In the conditions of the typical chernozem 
of Lovrin, apparent density had values between 1.26 
g/cm3 and 1.48 g/cm3. Soil humidity is high in the 
spring, with an average of 25.88% in the first 50 cm 
and a water reserve of 1,736.90 m3/ha. In the autumn, 
soil moisture reached about 20% and the soil water 
reserve reached 1,344.47 m3/ha. 
3. The typical Beba Veche chernozem, with a 
high clay content of more than 40%, shows average 
values of apparent density above 1.42% in the first 50 
cm. Soil moisture in the spring has higher surface 
values  (23.15-24.62%). Humidity values in the 
autumn are higher, with soil water reserves of only 
1,322.37 m3/ha. 
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4. In the case of a typical chernozem, with a 
low salinization of less than 100 cm, from Teremia 
Mare, in the processed layer, 25-30 cm, apparent 
density ranges between 1.24 g/cm3 and 1.28 g/cm3. 
Precipitation in March of over 50 mm causes 
humidity values between 25.32% (10-20 cm) and 
27.46% (40-50 cm) in the spring. In summer, the 
water reserve was only 1,302.05 m3/ha, while in 
September the ground water reserve in the first 50 cm 
reaches 1,423.33 m3/ha. 
5. Apparent density of the cambic chernozem, 
moist phreatic, deep saline, low salinization below 
100 cm, low leachate, medium sandy clay/medium 
sandy clay, from Comloşu Mic oscillates between 
1.20 g/cm3 (in spring) and 1.32 g/cm3 (in autumn). 
Soil humidity is directly correlated with the amount 
of precipitation during the year, with the specification 
that, in September, it is almost normal. The water 
reserve in the first 50 cm is 1,729.91 m3/ha in the 
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